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The title compound, C 3 oH 48 03, a triterpene isolated from the 
resin of canarium schweinfurthiiand, is an isomer of the 
previously reported triterpene 3a-hydroxytirucalla-7,24-dien- 
21-oic acid [Mora et al. (2001). Acta Cryst. C57, 638-640], 
which crystallizes in the same trigonal space group. The title 
molecule consists of four fused rings having chair, half-chair, 
half-chair and envelope conformations for rings A, B, C and D, 
respectively (steroid labelling). An intramolecular C— H- ■ O 
hydrogen bond generates an 5(7) ring. In the crystal, 
molecules are linked by O— IT ■ O and C— H- ■ O inter- 
actions, forming (001) sheets. 



HO 



H,C 




Experimental 

Crystal data 

C3()H 48 0 3 
M r = 456.68 
Trigonal, P3,21 
a = 11.2794 (2) A 
c = 36.6986 (6) A 
V = 4043.45 (12) A 3 

Data collection 

Bruker SMART APEXII DUO 
CCD diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
T min = 0.859, 7/ maI = 0.935 

Refinement 

R[F 2 > 2a(F 2 )} = 0.038 

wR(F 2 ) = 0.104 

5 = 0.97 

5154 reflections 

305 parameters 

H-atom parameters constrained 



Z = 6 

Cu Ka radiation 
H = 0.54 mm -1 
T = 100 K 

0.29 x 0.24 x 0.13 mm 



29022 measured reflections 
5154 independent reflections 
5062 reflections with I > 2a(I) 
R<„, = 0.040 



Ap max = 0.34 e A 

Ap mi „ = -0.15 e A~ 3 

Absolute structure: Flack (1983), 

2099 Friedel pairs 
Flack parameter: —0.35 (19) 



Related literature 

For the crystal structure of 3a-hydroxytirucalla-7,24-diene-21- 
oic acid, see: Mora et al. (2001). For the biological activity of 
canarium schweinfurthiiand, see: Atawodi (2010); Dongmo et 
al. (2010) and for its botany, see: Tchiegang et al. (2001). For 
the stability of the temperature controller used in the data 
collection, see: Cosier & Glazer (1986). 



Table 1 

Hydrogen-bond geometry (A, °). 



D-H-A 


D-H 


H- ■ A 


D-A 


D-H-A 


Ol-HlOl-02' 


0.96 


1.74 


2.6762 (14) 


162 


03-H103-02" 


0.83 


2.00 


2.828 (2) 


172 


C12-H12A- ■ Ol 


0.99 


2.55 


3.367 (2) 


139 


C22-H22^- ■ 03'" 


0.99 


2.36 


3.276 (2) 


153 


Symmetry codes: (i) — x, 


— x + y. — z - 


r|;(ii)x+l,_v- 


r 1, z\ (iii) x — 1, y - 


l,z. 



Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL and PLATON (Spek, 2009). 
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3tt-Hydroxytirucalla-8,24-dien-2 1-oic acid 

S. Yousuf, R. S. T. Kamdem, B. T. Ngadjui, P. Wafo and H.-K. Fun 
Comment 

3a-Hydroxytirucalla-8,24-dien-21-oic acid (or epielemadienolic acid) is a known triterpene derivative that was isolated 
from the resin of canarium schweinfurthii, a tree growing in equatorial forest regions from Cameroon, Central African 
Republic, Gabon to Congo (Tchiegang et ah, 2001). The plant is used for a variety of ailments including malaria, fever 
and diarrhea (Atawodi, 2010; Dongmo et ah (2010). As a part of our going research on the medicinaly important plants, 
the title compound was isolated from the dichloromethane soluble part and the structure was established on the basis of 
X-ray diffraction studies. The space group (P3 121) and cell parameters were found to be similar to the prevoiusly reported 
3a-hydroxy-tirucalla-7,24-dien-2 1 -oic acid (Mora et ah . 2001). However the bond lengths of C7-C8 [ 1 .499 (2) A] and C8-C9 
[1.353 (2) A] were found to be different from those reported for the previously reported triterpene [C7-C8 = 1.353 (2) A 
and C8-C9 = 1 .49 A], The difference in the bond lengths clearly indicates that the title compound is an isomer of previously 
reported 3a-hydroxy-tirucalla-7,24-dien-21-oic acid, having C8-C9 double -bond/olefin instead C7-C8 double -bond/olefin. 
The molecular structure showed that the trans fused rings A/B/C and D adopt chair [Q= 0.549 (2) A, 8 = 4.5 (2)° and cp 
= 51 (2)°], half-chair [Q = 0.545 (2) A, 9 = 50.0 (2)° and cp = 8.3 (3)°], half-chair [Q = 0.524 (19) A, 0 = 129.7 (2)° and 
(p = 63.6 (2)°] and envelope [Q = 0.487 (2) A and <p = 13.5 (2)°] conformations respectively. The half-chair and envelope 
conformations of rings C & D are stabilized by C 1 2 — H 1 2A- -01 intramolecular hydrogen bond. In the crystal structure, the 
molecules are linked to form infinite chains via 03 — H103 - 02, Ol — HlOl - 02 and C24 — H22A - 03 hydrogen bonds 
(symmetry codes as in Table 1) to form (001) sheets. (Fig. 2). 

Experimental 

The resin (100 g) of Canarium schweinfurthii Engl, was collected in Yaounde, Cameroon in May 2010 and identified by 
Prof. Noumi, a botanist at the Department of Biology, University of Yaounde- 1. A voucher specimen (HNC 25918.) was 
deposited at the National Herbarium of Cameroon in Yaounde. The resin (100 g) of C. schweinfurthii was allowed to dry 
under shade and extracted with dichloromethane. The extract (70 g) was subjected to column chromatography (CC) over 
silica gel (300 g, 60 x 5 cm) eluting with hexane follow by a mixture of n-hexane-EtOAc in order of increasing polarities. 
The fractions eluted were monitored by thin layer chromatography and similar fraction were combined to give seven fraction 
FrA-FrG. Fraction FrE was further subjected to purification on silica gel CC and eluted with mixture of hexane-acetone in 
a gradient to yield the title compound. Recrystallization from n-hexane gave colorless blocks (75 mg). 

Refinement 

H atoms on the C of methyl, methylene, methine and oxygen were positioned geomatrically with C-H=0.98-1.00 A and 
0-H= 0.96 A, respectively and constrained to ride on their parent atoms with C/j S0 (H)= 1.2L r eq (CH2, CH) and 1.5(7 e q(CH3, 
OH). A rotating group model was applied to the methyl groups. The absolute configuration (C3 R, C5 R, C10 S, C13 S, 
C14 R, C17 S, C20 S) was obtained by refining the Flack (1983) parameter to -0.35 (19). 
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Figures 




Fig. 1. The molecular structure of the title compound, showing 30% probability displacement 
ellipsoids. The intramolecular hydrogen bond is shown by a dashed line. 



Fig. 2. The crystal packing of the title compound, showing (001) sheets. 



3a-Hydroxytirucalla-8,24-dien-21 -oic acid 



Crystal data 

C30H48O3 
M,- = 456.68 
Trigonal, P3]21 
a= 11.2794 (2) A 
c = 36.6986 (6) A 

V= 4043.45 (12) A 3 

Z=6 

^(000) = 1512 



D x = 1.125 Mgm J 

Cu Ka radiation, X = 1.54178 A 

Cell parameters from 16991 reflections 

6 = 3.6-71.8° 

|i = 0.54 mnT 1 

T= 100 K 

Block, colorless 

0.29 x 0.24 x 0.13 mm 



Data collection 

Bruker SMART APEXII DUO CCD 
diffractometer 

Radiation source: fine-focus sealed tube 

graphite 

cp and co scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
r min = 0.859, 7 max = 0.935 
29022 measured reflections 



5154 independent reflections 

5062 reflections with / > 2a(i) 
R int = 0.040 

h = -12^10 

£ = -13^13 
/= -45^43 



Refinement 
Refinement on F 
Least-squares matrix: full 

R[F 2 > 2a(F 2 )] = 0.038 



Secondary atom site location: difference Fourier map 

Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 
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wR(F 2 ) = 0.104 

5 = 0.97 
5154 reflections 
305 parameters 
0 restraints 

Primary atom site location: structure 
methods 

Special details 

Experimental. The crystal was placed in the cold stream of an Oxford Cryosystems Cobra open-flow nitrogen cryostat (Cosier & 
Glazer, 1986) operating at 100.0 (1) K. 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

2 2 
Refinement. Refinement of F against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > g(F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


TI- +ITJ 


Ol 


0.12186(11) 


0.02017 (12) 


0.12824 (3) 


0.0298 (2) 


HlOl 


0.1165 


0.0104 


0.1543 


0.045* 


02 


-0.10300 (11) 


-0.06580 (12) 


0.13280 (3) 


0.0294 (2) 


03 


0.65407 (12) 


0.90621 (15) 


0.10227 (3) 


0.0431 (3) 


H103 


0.7207 


0.9089 


0.1129 


0.065* 


CI 


0.41649 (17) 


0.72932 (17) 


0.14749 (4) 


0.0300 (3) 


H1A 


0.3776 


0.6804 


0.1707 


0.036* 


H1B 


0.4653 


0.6870 


0.1357 


0.036* 


C2 


0.51897 (18) 


0.87967 (18) 


0.15572 (4) 


0.0330 (3) 


H2A 


0.4719 


0.9207 


0.1691 


0.040* 


H2B 


0.5926 


0.8852 


0.1716 


0.040* 


C3 


0.58166 (15) 


0.96055 (17) 


0.12096(4) 


0.0300 (3) 


H3A 


0.6466 


1.0583 


0.1274 


0.036* 


C4 


0.47387 (16) 


0.95453 (17) 


0.09408 (4) 


0.0314(3) 


C5 


0.36344 (15) 


0.80196 (16) 


0.08805 (4) 


0.0276 (3) 


H5A 


0.4118 


0.7604 


0.0751 


0.033* 


C6 


0.24806 (18) 


0.78286 (18) 


0.06230 (5) 


0.0368 (4) 


H6A 


0.1839 


0.8038 


0.0753 


0.044* 


H6B 


0.2869 


0.8465 


0.0414 


0.044* 


C7 


0.17160(16) 


0.63491 (17) 


0.04855 (4) 


0.0305 (3) 


H7A 


0.0803 


0.6141 


0.0396 


0.037* 


H7B 


0.2224 


0.6269 


0.0276 


0.037* 



w = l/[o 2 (F Q 2 ) + (0.0607P) 2 + 1.1875P] 
where P = (F 0 2 + 2F 2 )/3 



Ap max = 0.34eA 3 
Ap min = -0.15 e A~ 3 

Absolute structure: Flack (1983), 2099 Friedel pairs 

-invariant direct 



Flack parameter: -0.35 (19) 
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0.0502 (5) 


H27A 


-0.3706 


-0.5563 


-0.0019 


0.075* 


H27B 


-0.4923 


-0.5877 


0.0259 


0.075* 


H27C 


-0.4039 


-0.6618 


0.0310 


0.075* 


C28 


0.54466 (19) 


1.0165 (2) 


0.05767 (5) 


0.0461 (5) 


H28A 


0.6284 


1.1039 


0.0621 


0.069* 
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TJTOD 

hlZoB 


U.45Z5 


1.0316 


0.0421 




U.Uoy* 




riZoC 


U.J05U 


0.9534 


0.0455 








Czy 


U.41VZ (2) 


1.04643 (19) 0.10886 (6) 


U.U443 (4) 




hlzyA 


Pi A HI 1 


1.1421 


0.1088 








H29B 


0.3858 


1.0187 


0.1338 




0.066* 




H29C 


0.3441 


1.0367 


0.0933 




0.066* 




C30 


-0.08957 (17) 


0.35873 (17) 0.07938 (5) 


0.0346 (4) 




H30A 


-0.1093 


0.4232 


0.0666 




0.052* 




H30B 


-0.0884 


0.3737 


0.1057 




0.052* 




H30C 


-0.1605 


0.2648 


0.0736 




0.052* 




Atomic 


displacement parameters (A 2 ) 












U u 


U 22 


t/ 33 


U 12 


u 


U 


Ul 


0.0283 (5) 


0.0419 (6) 


0 0230 (5) 


0 0203 (51 

u . uz- u ~j y ~> j 


— U.UUZ1 (4J 


A AAA*7 fA\ 
— U.UUU / (4) 


uz 


0.0250 (5) 


0.0409 (6) 


0 0 1 99 (4) 


0 0146 (51 

U.U1TU V / 


r\ nnnc (a \ 
— U.UUUj (4J 


A AA 1 H (A \ 
U.UU1 / (4) 


no 

<J3 


0.0251 (6) 


0.0665 (9) 


0 0380 ffil 


0 073? (61 

\j . uz, *j z, i \j i 


— U.UUjU J 


A A1 1 1 ( £\ 

— U.U1 1 1 (,oj 


i 


0.0328 (8) 


0.0353 (8) 


0 01 82 (d) 


0 0144 (7} 

U . U 1 ii \ I } 


— U.UUjV (Oj 


A AA 1 /I /'/iA 
— U.UU14 (0) 


cz 


0.0327 (8) 


0.0378 (9) 


0 0218 171 

\J . UZ, i_ U 1 / 1 


0 01 27 (71 


— U.UUoZ \p) 


A AA^"7 
— U.UUj / (0) 


C.3 


0.0222 (7) 


0.0365 (8) 


0 0251 (7) 

U .UZ. J A. \ I 1 


0 0099 (61 

\j y y yyj j 


— U.UU41 (0) 


A AA/1 0 

— U.UU4Z (0) 


C4 


0.0229 (7) 


0.0325 (8) 


0 0305 (7) 

U .U *J U— > \ / 


0 0076 (71 

u . uu i \j \ i i 


— U.UU3 / [p) 


A AATO 

U.UUZo p J 


Cj 


0.0218 (7) 


0.0295 (8) 


0 0242 (61 

U .UZ.^Z. 1 


0 0072 (61 

\J.\J\J / z. ( U f 


— U.UU4Z p j 


U.UU3 / (O) 


CO 


0.0283 (8) 


0.0328 (9) 


0 0374 (ft) 


0 0064 ^71 


— u.uuyo ( /j 


u.uuyo {/) 


C/ 


0.0249 (7) 


0.0347 (8) 


0.0230 (6) 


0.0084 (6) 


— U.UID3 (o) 


A AA/i 1 

U.UU01 (0) 


to 


0.0209 (7) 


0.0302 (8) 


0 0254 (7} 

U . U Z- ~> r I / 1 


0 0087 (VSI 


— U.UU14 ) 


a nn^^ 
U.UUjj [p) 


cy 


0.0287 (8) 


0.0312 (8) 


0 0220 (61 

U . U Z. Z. U 1 


0 0105 (61 


— U.UUZ1 [p) 


A AA/1 0 /'/iA 

U.UU4Z p J 


i a 
C1U 


0.0225 (7) 


0.0302 (8) 


0 0239 (61 


0 0109 rtl 

u.uiuv V.ui 


r\ r\r\ i i 

— U.UU13 (oj 


A AAT> 

U.UU3Z p ) 


r^i 1 
CI 1 


0.0377 (9) 


0.0310 (8) 


0.0190 (6) 


0.0143 (7) 


U.UU 1 j {o ) 


A AA 1 1 f£\ 

U.UU 13 p ) 


C1Z 


0.0347 (8) 


0.0301 (8) 


0 01 83 f71 

U . U ± O^y \ 1 J 


0 01 34 (7} 


— U.UUZU (oj 


a nmn fz\ 

u.uuzy p ) 


CI 3 


0.0220 (7) 


0.0303 (7) 


0 0195 (6) 


0 0111 (6~\ 


A AAA/1 /'O 

U.UUU4 p j 


A AAl Q 

U.UU3o p ) 


C14 


0.0235 (7) 


0.0306 (8) 


0 0192 (61 


0 0099 (6) 

\/.v/V/ / / y\j ) 


A AATC 

U.UUZj p ) 


A AAIO f£\ 

U.UUJo p ) 


CI J 


0.0419(9) 


0.0345 (9) 


0 0199 (71 

yj .\j i y y \ i j 


0 0141 (7) 


A AA£G 


A AA 1 £ 

U.UUlO p ) 


CIO 


0.0407 (9) 


0.0358 (9) 


0 01 94 (7} 

U . U 1 y\ y 1 1 


0 01 72 (7~) 


A AA^*7 /'/iA 

— U.UUj / (O) 


a nnm /'/iA 
— U.UUUZ [p) 


CI / 


0.0243 (7) 


0.0324 (8) 


0 01 84 (61 

u . u ± Ln i \j t 


0 01 29 (6) 


A AAA/^ 

— U.UUUo p ) 


A AAA/1 

U.UUU4 p ) 


Clo 


0.0236 (7) 


0.0394 (9) 


n o^?i (%~\ 

jz i yo j 




A AA 1 £ (£\ 


A AATO /7\ 

U.UUZo {/) 


i q 

civ 


0.0320 (8) 


0.0386 (9) 


0.0454 (9) 


0.0143 (7) 


A AAA/1 /"7\ 

u.uuy4 { i ) 


A AAl/1 /^C\ 

U.UU34 p J 


czu 


0.0256 (7) 


0.0335 (8) 


0.0195 (6) 


0.0145 (6) 


A AAA^ /^^\ 

U.UUUj p ) 


A AAA1 f£\ 

U.UUU3 pj 


CZ 1 


0.0256 (7) 


0.0292 (8) 


0.0224 (6) 


0.0148 (6) 


A AAT1 /C\ 

u.uuzi p J 


A AA 1 O (£\ 

U.UUlO pj 


czz 


0.0313 (8) 


0.0343 (8) 


0.0179 (6) 


0.0177 (7) 


A AA 1 Q 

U.UUlO p J 


A AA 1 A ( C\ 

u.uuiy \p) 


CZ3 


0.0355 (8) 


0.0376 (9) 


0.0331 (8) 


0.0216 (7) 


— U.UUUo { 1 ) 


A AAA1 (H\ 
U.UUU3 {/ ) 


CZ4 


0.0449 (9) 


0.0356 (8) 


0.0255 (7) 


0.0251 (8) 


A AA 1 ^ /'*7\ 

U.UU 1 j yl) 


A AA 1 1 

—U.UU 13 pj 


C25 


0.0400 (9) 


0.0388 (9) 


0.0309 (8) 


0.0224 (8) 


A AA 1 A 

-0.0010 (7) 


A AA 1 T /*7\ 

0.0012 (7J 


C26 


0.0495 (12) 


0.0782(16) 


0.0365 (10) 


0.0176 (12) 


0.0085 (9) 


0.0057 (10) 


C27 


0.0547 (12) 


0.0410(10) 


0.0492 (10) 


0.0196(10) 


-0.0079 (9) 


-0.0037 (8) 


C28 


0.0343 (9) 


0.0401 (10) 


0.0347 (8) 


-0.0033 (8) 


-0.0102 (7) 


0.0079 (7) 


C29 


0.0350 (9) 


0.0337 (9) 


0.0607(11) 


0.0145 (7) 


-0.0089 (8) 


-0.0001 (8) 


C30 


0.0245 (7) 


0.0285 (8) 


0.0465 (9) 


0.0101 (6) 


-0.0018 (7) 


0.0053 (7) 



sup-5 



supplementary materials 



Geometric parameters (A, °) 




Ol— C21 


1.3128 (18) 


Ol— H101 


0.9626 


02— C21 


1.2293 (18) 


03— C3 


1.419(2) 


03— HI 03 


0.8340 


CI— C2 


1.531 (2) 


CI— CIO 


1.539 (2) 


CI— HIA 


0.9900 


CI— H1B 


0.9900 


C2— C3 


1.521 (2) 


C2— H2A 


0.9900 


C2— H2B 


0.9900 


C3— C4 


1.541 (2) 


C3— H3A 


1.0000 


C4— C28 


1.534 (2) 


C4— C29 


1.545 (3) 


C4— C5 


1.555 (2) 


C5— C6 


1.534 (2) 


C5— CIO 


1.5591 (19) 


C5— H5A 


1.0000 


C6— C7 


1.531 (2) 


C6— H6A 


0.9900 


C6— H6B 


0.9900 


C7— C8 


1.499 (2) 


C7— H7A 


0.9900 


C7— H7B 


0.9900 


C8— C9 


1.353 (2) 


C8— C14 


1.518(2) 


C9— Cll 


1.512(2) 


C9— CIO 


1.536 (2) 


CIO— C19 


1.555 (2) 


Cll— C12 


1.537 (2) 


Cll— H11A 


0.9900 


Cll— HUB 


0.9900 


C12— C13 


1.5319 (18) 


C12— H12A 


0.9900 


C12— H12B 


0.9900 


C13— C18 


1.537 (2) 


C13— C17 


1.551 (2) 


C13— C14 


1.559 (2) 


C14— C15 


1.539 (2) 


C14— C30 


1.548 (2) 


C21— Ol— H101 


111.0 


C3— 03— H103 


117.4 


C2— CI— CIO 


112.80(14) 


C2— CI— HIA 


109.0 
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C15 — C16 


1.555 (2) 


C15 — H15A 


0.9900 


C15 — H15B 


0.9900 


C16 — C17 


1.5606 (19) 


C16 — H16A 


0.9900 


C16 — H16B 


0.9900 


CI 7— C20 


1.547 (2) 


C17— H17A 


1.0000 


C18 — H18A 


0.9800 


C18 — H18B 


0.9800 


C18 — H18C 


0.9800 


C19 — H19A 


0.9800 


C19 — H19B 


0.9800 


C19 — H19C 


0.9800 


C20 — C21 


1.5139 (18) 


C20 — C22 


1.539 (2) 


C20 — H20A 


1.0000 


C22 — C23 


1.530 (2) 


C22 — H22A 


0.9900 


C22 — H22B 


0.9900 


C23 — C24 


1.506 (2) 


C23 — H23A 


0.9900 


C23 — H23B 


0.9900 


C24 — C25 


1.320 (3) 


C24 — H24A 


0.9500 


C25 — C27 


1.502 (3) 


C25 — C26 


1.504 (2) 


C26 — H26A 


0.9800 


C26 — H26B 


0.9800 


C26 — H26C 


0.9800 


C27 — H27A 


0.9800 


C27 — H27B 


0.9800 


C27 — H27C 


0.9800 


C28— H28A 


0.9800 


C28— H28B 


0.9800 


C28— H28C 


0.9800 


C29— H29A 


0.9800 


C29— H29B 


0.9800 


C29— H29C 


0.9800 


C30— H30A 


0.9800 


C30— H30B 


0.9800 


C30— H30C 


0.9800 


C16— C15— H15B 


110.9 


H15A— CI 5— H15B 


109.0 


C15— C16— C17 


106.94(12) 


C15— C16— H16A 


110.3 
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Pin p 1 ill a 
CIO — CI — HI A 


1 An n 
1U9.U 


pi pi n 1 d 
CZ — C 1 — H 1 r> 


1 An a 
1U9.U 


Pin pi inn 
CIO — CI — hi IB 


1 An a 
1U9.U 


ill A pi Mm 

H1A — CI — Hlr> 


1 A"7 O 
1U /.6 


PT PI P 1 

C3 — C2 — CI 


111 A H 1 1 1\ 

111.4/ (12) 


pi p-> tn a 
C3 — CZ — HZ A 


1 Afl 1 

1U9.3 


P| PI I I ") A 

C 1 — CZ — HZ A 


1 AO 1 

1U9.3 


pi pi hid 
C 3 — CZ — rlZ r> 


1 AO 1 

1U9.3 


pi pi inn 
C 1 — CZ — HZB 


1 An i 
1U9.3 


i n a pi inn 

HZA — CZ — HZB 


1 AO A 

1U6.U 


P.1 PI po 

U3 — C3 — CZ 


1 nn no f i a\ 
1U9.96 (14) 


p.i pi p/i 
U3 — C3 — C4 


1 n/: /i c / 1 1\ 
lUo.45 (12) 


pi pi p /i 
CZ — C3 — C4 


1 1 1 nn /1 1 \ 
112.99 (13) 


P.1 PI II") A 

<J3 — C3 — H3A 


1 An 1 
1U9.1 


PI PI I 1 1 A 

CZ — C3 — hi 3 A 


1 AO 1 

1U9.1 


P/i pi i n a 
C4 — C 3 — hi 3 A 


1 An 1 
1U9.1 


PTO p y| pi 

CZo — C4 — C3 


1AO CC / 1 1 \ 

1US.33 (13) 


PTO p y| p->n 

CZo — C4 — CZv 


1A/: n/; i 1 /:\ 
1U6.96 (10) 


pi p y| pin 

C3 — C4 — CZ y 


1AO /I C / 1 /I \ 

1U6.45 (14) 


PTO p A pc 

CZo — C4 — Cj 


1AA AC / 1 1 \ 

1U9.U5 (13) 


PI P/1 PC 

C3 — C4 — Cj 


1AO CI / 1 1 \ 

1U6.52 (13) 


p -) n p /i pc 
CZV — C4 — Cj 


11C 1/1 /1/1\ 

115.14 (14) 


P/i PC P/1 

Co — Cj — C4 


111 1C\ 1\ 

113.39 (13) 


p/i pc pin 
Co — C J — C 1 0 


1AO O A / 11\ 

1U6.64 (12) 


P/i pc pin 
C4 — C J — C 1 0 


I 1 "7 £. 1 /1 1\ 

II /.61 (12) 


P/i PC I I C A 

Co — Cj — hi j A 


1 AC 1 


P/1 PC II C A 

C4 — C J — rl j A 


1 AC 1 


p 1 n pc iic a 
C 1 U — C J — hi j A 


1 AC 1 


P*7 P/i PC 

C/ — Co — Cj 


1 An in { 1 a \ 
1U9.39 (14) 


p-7 p/: Jj/r \ 

C / — Co — Ho A 


1 AO Q 


PC P/i I I/C A 

Cj — Co — HoA 


1 An o 
1U9.S 


pa P/i I I /i D 

C / — Co — HoB 


1 An o 
1U9.5 


PC P/i TT/CTD 

Cj — Co — HoB 


1 nn o 
1U9.6 


TJ/i A P/i II / D 

HoA — Co — HoB 


1 AO 1 

1U6.2 


PO P*7 P/i 

Co — C / — Co 


ii/i £i t*\ *i\ 
114.01 (13) 


PO p-7 XT'? A 

Co — C / — rl / A 


1 AO £ 


^ p-7 i i "7 a 

Co — C / — H / A 


1AO £ 

1U5.D 


po p-7 I I "7 I) 

Co — C / — H /B 


1U5.D 


P/i P*7 I I "7 1) 

Co — C / — H /B 


1 AO £. 


Ml A PT U7D 

rl /A — C / — H /B 


1 AT £ 
1U /.D 


Pfl PO p-7 

Cv — Co — C / 


m n / 1 a\ 
ili.il (14) 


pn po p i /i 

cy — Co — ci4 


11A o"7 /11\ 
119.5/ (13) 


p-7 PO P 1 /I 

C/ — Co — C14 


1 1 /: c"7 {1 "t\ 

lib. 5 / (12) 


po pn p 1 1 

C8 — C9 — Cll 


111 A C f 1 A\ 

121.43 (14) 


C8— C9— CIO 


121.88(13) 


Cll— C9— CIO 


116.62 (12) 


C9— CIO— CI 


111.30(13) 


C9— CIO— C19 


106.40 (13) 


CI— CIO— C 19 


107.89 (13) 



pi/; uua 
C 1 / — C 1 6 — H 1 6 A 


1 1 Pi 1 
1 1U.3 


p 1 /; uud 
C 1 5 — C 1 6 — H 1 613 


11U.3 


pn pu nun 
C 1 / — C 1 6 — H 1 613 


i m i 
11U.3 


ti 1 6A — C 1 6 — ti 1 613 


1 no /i 
lUo.O 


C2U — C 1 / — C 1 3 


1 1 O A /i /I T\ 

1 lo.4o (1Z) 


pin pn pit 
C2U — C 1 / — C 1 6 


113.U3 (1Z) 


pn pn pu 
C 1 3 — C 1 / — C 1 6 


1 m i n pi -»\ 
1UZ.3U (1Z) 


P1A pn unA 
C2U — C 1 / — H 1 / A 


1 n*7 c 
1U/.J 


pn pn rr n a 
C13 — CI / — HI / A 


1 n*7 c 
1U/.J 


pit pn rjnA 
C 1 6 — C 1 / — ti 1 / A 


1 A*7 C 
1U/.J 


pii pio mo a 
C 1 3 — C 1 5 — H 1 5 A 


1 nn c 


P11 PIO UIOD 

C13 — CIS — Hlshs 


1 APi C 


ill OA PIO U1 OD 

ti 1 5A — C 1 o — ti 1 5hs 


1 AO C 


pn pio mop 
C 1 3 — C 1 5 — ti 1 6C 


1 APi C 


moA pio mop 
ti 1 6A — C 1 S — H 1 5C 


1 nn c 


uiod pio mop 
ti 1 6hs — C 1 o — ti 1 5C 


1 APi C 


P1A pin uinA 
C1U — C19 — H19A 


1 nn c 


p 1 a pin uinD 
C1U — C19 — H19rs 


1 nn c 


T11QA P 1 Q U1 QT3 

rl 1 9A — C 1 9 — rl 1 913 


1 no ^ 

luy.j 


pia pin m np 
C1U — C19 — H19C 


1 nn c 


mnA pin m np 
H 1 9A — C 1 9 — H 1 9C 


1 nn c 


r r 1 no p 1 n in np 
H 1 9rs — C 1 9 — H 1 9C 


1 nn c 


PT1 PTA P11 

C2 1 — C2U — C22 


1 nn /i /i pi ->\ 
1UV.40 (1Z) 


PT1 PIA P 1 "7 

C21 — C2U — CI / 


1 nn 1 T Pi ->\ 
lUy.lZ (1Z) 


PTT PTA P 1 "7 

C22 — C21) — C 1 / 


111 /i 1 /I T\ 
1 11. Ol (1Z) 


pn pia inn a 
C2 1 — C2U — H2U A 


1 no n 


PTl PIA mA A 

C22 — C2U — H2UA 


1 no n 

lUo.y 


pn pta inn a 
C 1 / — C2U — H2U A 


1 no n 

lUo.y 


p**> pi 1 p. 1 
(J2 — C2 1 — U 1 


111 C\A ( 1 T\ 

izi .y4 (iz) 


p.t pt 1 pin 
U2 — C2 1 — C2U 


1 ->-> nn /1 1\ 

izz.yy (13) 


A| pi] piA 

Ul — C21 — C2U 


I 1 c n/i /1 t\ 

I I J.Uo (1Z) 


P11 PIA 

C23 — C22 — C2U 


111 in /i i) 

113.39 (13) 


PIT pt> im A 

C23 — C22 — H22A 


1 no n 

lUo.y 


P1A pit mi A 

C2U — C22 — H22A 


1 no n 

lUo.y 


pit pt> mir> 
C23 — C22 — 112213 


1 no n 

lUo.y 


pia pii rmo 
C2U — C22 — 112213 


1 no n 

lUo.y 


im a pii rmr> 
H22A — C22 — 112213 


1 m *7 
1U/. / 


pi/i ni pii 
C24 — C23 — C22 


1 1 "5 11 pi /|\ 

113. 1Z (14) 


pi/i ni mi a 
C24 — C23 — 1123 A 


1 nn n 

luy.u 


pn poo mi a 
C22 — C23 — 1123 A 


1 nn n 

luy.u 


pi/i pn imn 
C24 — C23 — H23B 


1 nn n 


poo pn rrno 
C22 — C23 — 112313 


1 nn n 

loy.o 


rrn a pn rrnr> 
H23A — C23 — 112313 


1 n*7 o 
10 /.o 


Pic Pi/i pn 
C25 — C24 — C23 


in -7/" /1 /i\ 
127.76 (14) 


C25— C24— H24A 


116.1 


C23— C24— H24A 


116.1 


C24— C25— C27 


122.20 (16) 


C24— C25— C26 


123.61 (17) 


C27— C25— C26 


114.19(17) 
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pn pi a rif 

Cy — C1U — C3 


1 A"7 O A ( 1 1\ 

1U /.o4 (1Z) 


P")C P ") /L 111/ A 

CZ3 — CZo — HZoA 


1 AA C 

iuy.3 


z" 1 1 pin pr 

CI — C1U — C3 


1 A"7 ftC / 1 T\ 

iu /.yj (1Z) 


p")c p o /: i n/n 

CZ3 — CZo — HZoB 


1 AA C 

iuy.3 


pin pin pc 
CIV — CI (J — C3 


I 1 r cn f\ 1\ 

113. 3U (13) 


HZ o A — CZ o — HZ oB 


1 AA C 

iuy.3 


pa pi i pn 
CV — Cll — ClZ 


I 1 o n*7 /1 T\ 

llo.U / (1Z) 


PTC pi/- i n//' 

CZ3 — CZo — HZoC 


1 AA C 

iuy.3 


pn pi I U 1 1 A 

CV — Cll — H11A 


1 A"7 O 
1U /.O 


HZ o A — CZ o — HZ oC 


1 AA C 

iuy.3 


pi O pi 1 TJ1 1 A 

ClZ — Cll — HI 1A 


1 A"7 O 
1U /.O 


n"i/CD p -> /; 1 1 "> /. p 

HZoB — CZo — HZoC 


1 AA C 

iuy.3 


pn Pi i in | n 

CV — Cll — HUB 


1 a*7 o 
1U /.O 


PTC PT7 un A 

CZ3 — CZ / — HZ /A 


1 AA C 

iuy.3 


pn pi i iii id 
ClZ — Cll — rll IB 
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Symmetry codes: (i) -x, -x+y, -z+1/3; (ii) x+l,y+l, z; (iii)x- 


-\,y-l,z. 
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